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Abstract 
The flood plains of the Lower Odra are inundated inwinter and spring and are desiccated in
summer and autumn. Phytoplankton composition as well as its seasonal succession i perma- 
nent oxbows and separate lakes were investigated between 1993 and 1996. Solitary centric 
diatoms were the characteristic phytoplankton taxa of these flood plain waters. They domi- 
nated the main channel non-seasonally, the flood plains during the entire inundation phase 
and long periods of the isolation phase. Only during long phases of low mixing (maximal 
1.5-2 months in summer) separate water bodies were dominated by Cyano- and/or Dino- 
phyceae. This special feature of the Lower Odra Valley is explained by the Inundation-Isola- 
tion-Model of phytoplankton development i fluenced by inundation. Out of a high diverse 
algal spectrum of 495 taxa, specialities such as 9 endangered taxa and 6 halophilous taxa 
were discussed. Additionally, taxon specific ell-volumes and maxima of biovolumes were 
given. 
Key words: Lower Odra Valley - flood plain lakes - phytoplankton - diversity - solitary 
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Introduction 
Flood events uch as by the River Odra 1997 or the River 
Elbe 2002 have shown that flooding rivers can become 
dangerous very quickly to man. In the Lower Odra Val- 
ley however, flooding is a natural annual event: every 
winter thousands of hectares are covered by several me- 
tres of water. Because of the recent political history of 
Germany and the fact that his flood plain was situated in 
the border zone between Poland and Germany, an espe- 
cially diverse flood plain landscape survived. There are 
only a few investigations on the potamoplankton f the 
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River Odra (SCHRODER 1897, 1899; WALTER • SCHARF 
1961 ;G6LCZ 1981; KASTEN 2002). The phytoplankton f 
the adjacent flood plain - the Lower Odra Valley - was 
investigated first with the beginning of this study (KAS- 
TEN 1999, 2002, 2003; MOLLGAARD et al. 1999, 2002, 
2003). What are the similarities and differences inphyto- 
plankton development of flood plain waters on the one 
hand and standing or running waters like separate lakes 
or rivers on the other hand? The first task was to extend 
the knowledge of algal species of this specific area. 
Based on this, this paper focuses on specific dynamics of 
phytoplankton in permanent flood plain waters. 
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Study area 
The German part of the Lower Odra Valley is situated in 
north-eastern Brandenburg. The Lower Odra Valley Na- 
tional Park - established in 1995 - is the twelfth Nation- 
al Park in Germany. From the beginning it was planned 
to be part of a German-Polish nature conservation pro- 
ject. This project involves the entire Lower Odra Valley 
with a length of 60 kilometres from Hohensaaten (Ger- 
many) in the south to Szczecin (Poland) in the north 
(Fig. 1). 
The German part of the flood plain is situated between 
a canal in the west - the "Hohensaaten-Friedrichs- 
thaler Wasserstrage" (HFW) - and the River Odra in 
the east. The flood plain is separated from the river by 
dykes and varies between 2 and 5 kilometres in width. 
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Fig. 1. Map of the Lower Odra Valley. Abbreviation: HFW = "Hohen- 
saaten-Friedrichsthaler WasserstraGe" = canal. 
The man-controlled flooding areas, so-called polder, are 
devided into a former and an active flood plain. The for- 
mer flood plain is never flooded and is influenced by 
river water through seepage only. The active part is inun- 
dated in winter, because sluice gates in the dykes along 
the River Odra are opened (Nov.-Apr.), and desiccated 
in summer (Apr.-Nov.). Exceptions are summer floods 
such as in 1996 and 1997. 
In the active flood plain the phytoplankton communi- 
ties were studied in the Oxbow "Alte Oder" at three 
sampling sites (AO.1, AO.S, AO.2; Fig. 2) and in the 
separate Lake "GroBer Eichsee" (GE; Fig. 2). In general, 
the flood duration and flood intensity at the sampling 
sites decrease with increasing distance from the main 
channel. This means that the Oxbow is influenced more 
by the main channel than the Lake "Groger Eichsee", 
because of the direct contact of Oxbow and River Odra 
at the sluice gate. During flooding all these sampling 
sites submerge in a large inundated area and reach their 
maximal depth of 4 m. During isolation the maximal 
depth of permanent flood plain waters is lower than 2 m. 
Additionally, the River Odra was studied at one sam- 
pling site (0.2; Fig. 2) near the sluice gate at the begin- 
ning of the Oxbow "Alte Oder", and the former flood 
plain is represented byone sampling site (TP; Fig. 2). 
During isolation two groups of sampling sites could 
be differentiated (see Fig. 2): (1) unshaded and wind ex- 
posed locations uch as AO. 1, AO.2, and Lake "Groger 
Eichsee" (GE); (2) shaded and not wind exposed sites 
such as AO.S and the sampling site in the former flood 
plain (TP). 
This provided the opportunity ocompare the effects 
of inundation on phytoplankton development under dif- 
ferent site factors. 
Methods 
In order to study the phytoplankton composition as well 
as its succession i  oxbows and separate lakes, from 
May 1993 to October 1996 once or twice monthly quali- 
tative (net mesh width 28 pm) and quantitative samples 
(Ruttner-sampler) were investigated. All phytoplankton 
taxa were identified to species level or lower (if possi- 
ble) by LM, SEM, and TEM. They were quantitatively 
analyzed with an inverted microscope following the 
counting method after UTERMOHL (1958); biovolumes 
were calculated according to ROTT (1981). Centric di- 
atoms - here the most important algae group - were 
counted first as size classes. As second step the diatom 
frustules were cleaned (KRAMMER & LANGE-BERTALOT 
1986) and the relation of certain diatom species in those 
size classes was determined. Through this second step 
the biovolume of diatoms was determined down to the 
species level. 
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Surface water was taken for an analysis of chloro- 
phyll a and water chemistry (temperature, pH, electric 
conductivity, oxygen content and saturation, NH 4, NO 2, 
NO3, SRR DSi). As measurement of the relationship of 
dominances in phytoplankton communities of different 
water bodies, the Renkonen Index (MOHLENBERG 1993) 
was determined per date and in comparison of all sites. 
These calculations are based on the relative biovolumes 
of all quantitative recorded phytoplankton taxa (com- 
pare Table 5). 
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Results and Discussion 
Algal species 
With 495 phytoplankton taxa from 11 algal classes (dis- 
cussed and illustrated in KASTEN 2002) this group of or- 
ganisms confirms the typical high diversity of flood 
plain ecosystems (RIEcI~EN et al. 1994). In addition to 
many euryoecious taxa several rare or little known algae 
(e.g. Fig. 3) and some specialities such as 9 endangered 
\ canal \ \  active flood plain \\main-channel \ 
Schwedt softwood forest 
• ..¢~,[) circa 9 
oxbow ~ " ","<,~! ;:: . . . . .  - . .  ~ ~\  kilometreSupstream 
: ":-:~} c:~-G E _ 
AO. I{~}G~-  / .... 
~"  lake "~ ...... "
1 km 
~¢~,", . . . .  dyke 
" /~ • unshaded / shaded • wind exposed / not wind exposed I sluice gate 
Fig. 2. Part of the Lower Odra Valley near Schwedt (Germany). Map of the sampling sites with information of some site factors. For abbrevia- 
tions, see text. 
Table 1. Phytoplankton taxa ofthe Lower Odra Valley, which belong to the category of endangered taxa in the Red Lists of Germany (diatoms: 
LANGE-BERTALOT 1996; desmids: GUTOWSKt & MOLLENHAUER 1996). Categories: 2 = "stark gef~hrdet" = endangered; 3 = "gef~hrdet" = vulnera- 
ble; R = "extrem selten" = susceptible (compare 5CHNITTLER & LUDWIG 1996). 
Taxon Class Category Qualitative presence 
of endan- 
germent 
Max. quantitative presence 
percentage of numberof max. cells ml -~ max. biovolumes 
total samples samples (mm 31-1) 
(n = 367) 
Navicula americana EHRENB. Bac. R 
Pinnularia karelica CLEVE Bac. R 
Closterium limneticum LEMMERM. Zyg. 3 
var. limneticum 
Cosmarium cf, margaritiferum MENEGH, Zyg. 3 
ex RALFS van margafitiferum 
Staurastrum tetracerum RALFS ex RAGS Zyg. 3 
Tetmemorus spec. Zyg. 3 
Staurastrum chaetoceras (SCHROD.) G.M. SM. Zyg. 2 
Staurastrum lapponicum (SCHMIDLE) GROENBLAD Zyg. 2 
Staurastrum subscabrum NORDST. Zyg. 2 
0.3% 1 single finding 
0.5% 2 single findings 
44,7% 164 360 
5.7% 21 0.5 
33,8% 124 
3.5% 13 
0,5% 2 
0.3% 1 
0.5% 2 
97 
single findings 
single findings 
single finding 
single findings 
0.12 
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taxa (Table 1) and 6 halophilous taxa (Table 2) were 
found. 
One reason to establish a nature reserve is the occur- 
rence of endangered organisms. But in the highly di- 
verse phytoplankton communities of the Lower Odra 
Valley National Park only 9 endangered taxa from the 
Red Lists were identified (Table 1). There are several 
reasons to explain this low number: (1) Red Lists - as 
used here - exist only for diatoms and desmids, this 
means for only 111 out of 495 algal taxa identified here. 
(2) This study of the Lower Odra Valley focused on phy- 
toplankton ot on phytobenthos, and on permanent not 
temporary waters. (3) Because of the high trophic levels 
of flood plain water bodies the occurrence of stenoe- 
Fig. 3. Illustration of several rare or little known algae (1-5, 8-10,  12), examples of Red List taxa (14-18) and some biovolume producers (6, 
7, 11, 13) of the phytoplankton spectrum of permanent flood plain waters of the Lower Odra Valley (scale lines = 10 pro): 1 - Bicosoeca planc- 
tonica KISSELEV; 2 - Chrysolycosplanctonica B. MACK; 3 - Dinobryon suecicum LEMMERM.; 4 - Kephyrion rubri-claustri W. CONRAD; 5 - Bum#left- 
opsis verrucosa (HoRTOB.) H. ETTL; 6 - Goniochloris mutica (A. BRAUN) FOTT; 7 - Pseudopo/yedriopsis tripus (PASCHER) KRIENITZ et al.; 8 - 
Tetraedriella tumidula (REINSCH) KRIENITZ et HEYNIG; 9 - Eudorina cylindrica KORSHIKOV; 10 - Lobomonas ampla PASCHER; 1 1 - Pteromonas aculeata 
LEMMERM,; 12 - Phacus cf. anacoelus A. STOKES; 13 - Phacus trypanon POCHM.; 14 - Closterium limneticum LEMMERM. var. fimneticum; 
15 - Cosmafium cf. margaritiferum MENEGH. ex RALES van margaritiferum; 16 - Staurastrum lapponicum (SCHMIDLE) GROENBLAD; 17 - Stsuras- 
trum tetracerLim RALFS ex RALFS; 18 -- Tetmemorus spec. 
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cious taxa, adapted to meso- or oligotrophic levels, 
which most Red List taxa are, is excluded. 
Six of 9 endangered taxa were found in single sam- 
ples, 3 desmids occurred commonly, and only Closterium 
limneticum var. limneticum reached biovolume relevant 
abundances (Table 1). 
All halophilous taxa identified here occurred in the 
main channel. Their presence decreases with increasing 
distance of sampling sites from the main channel (Table 
2), and they have obviously different capabilities to es- 
tablish themselves in flood plain waters after isolation. 
Do s tenotopous  taxa  ex is t?  
Flood plain specific, stenotopous taxa, which have been 
described of other groups of organisms (e.g. insects) and 
are adapted to live in an amphibious landscape like flood 
plain areas only, were not found within the phytoplank- 
ton community. Such adaptations ofalgae, especially of 
phytoplankton, cannot be expected. The phytoplankton 
community of permanent flood plain waters is character- 
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ized as a mix of potamoplankton and typical taxa of sep- 
arate lakes. 
Main channel 
Throughout the year the main channel (Lower Odra) 
was dominated by solitary centric diatoms (69%-91% of 
biovolumes). In phases of low water in summer high 
biovolumes of phytoplankton such as in lakes (up to 
65 mm 31 -~) were recorded. The main producers of bio- 
volumes were CycIotella meneghiniana, Stephanodiscus 
hantzschii, Stephanodiscus minutuIus, Cyclotella atom- 
us and Cyclotella choctawatcheeana. They belong to a 
group of centric diatoms that have been called "anthro- 
pogenic diatom assemblage" which is typical for eu- 
trophicated and polluted waters and was first described 
from the Gulf of Gdafisk (WrT~OWSKI 1994) and the 
Szczecin Lagoon (BAI~ et al. 2001). Coccoid Chloro- 
phyceae always occurred codominant in the Lower Odra 
(5%-18%), whereas filamentous Xanthophyceae w re 
most frequently found in summer (up to 13%). 
Table 2. Relative sampling presences of halophilous diatoms per sampling site, based on isolation phases 1993-1995 and inundation 
1993/94 [categorized after HOFMANN (1994) and LANGE-BERTALOT (1996)]. 
Former Active flood plain 
flood plain 
Sampling sites TP GE AO.1 
Total number of samples 15 36 35 
Inundated River 
area Odra 
AO.S AO.2 0.2 
26 33 39 10 
Cydote l la  a tomus  33% 17% 11% 
Tha lass ios i ra  we iss f log f i  - 11% 3% 
Nav icu la  cf. gregar ia  - - - 
N i t zschb  reversa  - - - 
Cyc lo te l la  choctawatcheeana  - - - 
Chaetoceros  mue l le r i  - - - 
54% 64% 44% 100% 
15% 24% 8% 30% 
54% 24% 15% 60% 
- 9% 5% 3O% 
- - 5% 70% 
- - - 30% 
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Fig. 4. Similarities in phytoplankton 
communities (Renkonen Indices) of 
several sampling sites with different 
distances from the main channel ("far 
away" = 3500 m; "middle" = 700 m; 
"close to" -- 50 m) during inundation 
1993/94. Water level of the River Odra 
(Stfitzkow gauge) from December 
1993 to May 1994. 
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I nundat ion  
Shortly after a flood event in March a homogeneous di - 
tribution of the phytoplankton was observed in the entire 
active flood plain (Fig. 4). Renkonen Indices reached 
more than 80% in the comparison of all sampling sites. 
Before and after this event, individual sites or watersec- 
tions showed independent trends of development bybio- 
volume variations and species compositions. During in- 
undation all sites were dominated by solitary centric di- 
atoms. In periods or at sites of low mixing cryptomonads 
and chlamydomonads di played considerable biovol- 
Table 3. Abiotic parameters of the active flood plain during inunda- 
tion periods 1993/94 and 1994/95 (all data from SCHRODER 2000). 
Parameter Extremes 
Temperature 0,1-18 °C 
Oxygen saturation 60-130% 
DIN 1.5-6.8 mg I -~ 
SRP 0.004-0.2 mg I -~ 
Chlorophyll a 6-130 IJg 1-1 
former flood plain 3 
2 
1 
0 i~ 
1,0 
~ 0,5 
~ . . . .  - ....... 
5 
_ t : - I , : :  I .--,¸ 
1 i 
l aN 
. . -~ 
sRP 
...... I
u ' . . . . .  : : ..... .: • * :N:P 
100 I 1 .... ] t ~ : ~::' '  i ' "  " :" ~: ~" ]ii: " : " i  
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10001 i l  I . ...... Si:iP 
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Fig. 5. Means and extremes of nutrients and nutrient ratios during 
isolation phases 1993-1995. 
ume values (up to 1.2 mm 3 1-1), but they never eached 
relative biovolumes above 13%. The sampling site with 
greatest distance from the main channel (AO.1 = 3.4 
km) showed an independent development 1.5 months 
before inundation ended. The other sampling sites were 
influenced by rheophilous taxa until isolation began. 
Abiot i c  Data  
In winter the main channel was characterized byvery 
high levels of DIN (> 5 mg 1-1), SRP levels reached up to 
0.2 mg 1-1 (SCnRODER 2000). During inundation these 
nutrients enter the flood plain lakes and nutrient loading 
takes place (Table 3). 
A physico-chemical haracterization of the sampling 
sites - here the means and extremes of physico-chemical 
parameters during the isolation phases 1993-1995 - 
pointed out two trends: 
(1) Nutrients and nutrient ratios of sampling sites in- 
crease (SRR DSi, Si/N - Si/P indifferent) or decrease 
(DIN, N/P) with increasing distance from the main chan- 
nel (Fig. 5). 
(2) Based on temperature, pH, oxygen, Secchi-depth, 
and chlorophyll a the sampling sites can be differentiated 
in shaded and unshaded sites (Fig. 6). 
In several flood plain areas of Central Europe positive 
correlations have been found between annual flood dura- 
P 
 -II ao,,vo,lood p,oio Ii R,vor o ra 
unshaded unshaded 
10 Ii : ...... { teiperature 
%. 
i oxygen content 
I oxygen saturation 
I ....... 1- t I .................. t 
TP GE AO.1 AO.S AO.2 O]2 
. . . . .  i ; ; "'°r° 
TP GE AO.1 AO.S AO2 0.2 
Fig. 6. Means and extremes of abiotic parameters during isolation 
phases 1993-1995. 
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tion (here described as sampling site distance from the 
main channel) and the concentration f NO3 in flood plain 
lakes (VAN DEN BRINK & VAN DER VELDE 1994; HEIN et al. 
1996; KASTEN 2002). In contrast to VAN DEN BaINK et al. 
(1994), which described the same tendency for SRR in 
the present study SRP increased with increasing distance 
from the main channel. In close channel areas sediment 
rearrangements reduce the potential of resolution of nutri- 
ents from the sediments. During isolation we found high 
SRP-levels in lakes with low contact to the main channel 
and a high potential of resolution of nutrients. 
Trophy 
With phytoplankton biovolumes above 60 mm 3 1-1, 
chlorophyll a contents up to 379 pg 1 -I and high nutrient 
levels (Fig. 5) the flood plain lakes were regarded as 
polytrophic with a tendency to hypertrophic level. The 
phytoplankton (here evaluated for diatoms; Table 4) is 
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characterized by many eutraphentic or tolerant axa and 
the absence of oligotraphentic taxa. Together with the 
abiotic indication they confirm the high trophic state of 
flood plain lakes. 
Phytoplankton succession 
Solitary centric diatoms, such as Stephanodiscus 
hantzschii, CycIotella meneghiniana, Stephanodiscus 
neoastraea, Stephanodiscus minutulus, Stephanodiscus 
alpinus and Cyclostephanos dubius, were the main char- 
acteristic phytoplankton species of permanent waters in 
the Lower Odra Valley (Fig. 7). 
They dominated the main channel non-seasonally, 
this means, that their abundance in flood plain lakes re- 
sulted from large input during the long winter period of 
inundation. But they also dominated the phytoplankton 
communities of these shallow water bodies for two or 
three months during isolation (until July). Additionally, 
Table 4. Relative distribution of trophy indicating diatoms [categorized after HOFMANN (1994) and LANGE-BERTALOT (I996)] per sampling re- 
gion, based on isolation phases 1993-1995 and inundation 1993/94. 
Sampling region Evaluable Futraphentic Tolerant Oligotraphentic Oligo-/ Not evaluated 
taxa taxa taxa taxa eutraphentic taxa taxa 
Active flood plain 81 41% 26% 0% 0% 28% 
Former flood plain 36 39% 33% 0% 0% 25% 
River Odra 53 40% 25% 0% 0% 26% 
Inundated area 73 38% 27% 1% 0.03% 27% 
lsolGion 
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Fig. 7. Phytoplankton biovolume and 
relative distribution of algal classes at 
sampling site "Alte Oder 1" (AO.I)in 
1993/94. Abbreviations: sc diatoms = 
Solitary centric diatoms; other diatoms 
= filamentous centric and pennate 
diatoms; Chloro. = Chlorophyceae; 
Chryso. = Chrysophyceae; Crypto. = 
Cryptophyceae; Cyano. = Cyanophy- 
ceae; Dino. = Dinophyceae; Eugleno. = 
Euglenophyceae. 
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the biovolume maximum of each sampling site was 
composed of these solitary centric diatoms. Only during 
1.5-2 months in summer other phytoplankton taxa such 
as Cyanophyceae (Anabaena, Aphanizomenon, Micro- 
cystis) and Dinophyceae (Ceratium, Peridinium, Peri- 
dinopsis) were able to develop and displace the diatoms, 
In fall and still in the isolation phase, diatoms developed 
again and represented the autumn aspect of phytoplank- 
ton communities in permanent flood plain lakes before 
the start of the next inundation. 
Inundation-Isolation-Model 
Why did diatoms dominate the waters for such a long 
time? What were their competitive advantages toother 
algal groups? The Inundation-Isolation-Model is sup- 
posed to explain these mechanisms (Fig. 8). 
ENGELHARDT et al. (1999) showed that there is a dif- 
ference between phytoplankton abundances atthe inlet 
and at the outlet of the active flood plain in the Lower 
Odra Valley. This means that only diatoms accumulated 
in the inundated flood plain area. In contrast to always 
suspended phytoplankton taxasuch as coccoid Chloro- 
phyceae or small flagellates (Crypto- or Chryso- 
phyceae), diatoms are heavyer, sink out, and accumulate 
in flood plain regions of low mixing (Fig. 8B). In addi- 
tion, diatoms not only survive in sediments, they actual- 
ly grow under low light conditions (compare K0m~R 
1991). Returning wind-induced mixing leads to resus- 
pension of diatoms (Fig. 8 C). This means that at the be- 
ginning of isolation, when other algal groups are started 
to establish themself, diatoms are still present in high 
abundances and dominate phytoplankton communities. 
Only in unmixed periods olitary centric diatoms are 
subjected to the pressure of competition with other algal 
groups. Cryptophyceae use short phases of stagnation 
for their development (Fig. 8 D). Waters that are not con- 
nected to the main channel during last inundation and do 
not get a diatom input were also dominated by Crypto- 
phyceae first (e.g. sampling sites TP and GE 1993, not 
included in inundation 1992/93). Long lasting calm peri- 
ods mostly in summer esult in a continuous ettling of 
Isolation 
ili 
C 
mixing 
F 
mixing 
S ~ 
\ "  "=" '~ ~ "~' @ / /max 2 m 
r ~..,},v,~ .L ~" >~ Inundallon. 
D max, 4 m 
stagnal lon\ ,  % "~ d ~. ~0 /" 
Inundation 
A 
)lalion of 
mpling sites 
# reduction G 
g~,~ current intensity 
B 
:~  input of the main channel :.JL] growth during isolation ~ water own faxa-out of cysts 
Fig. 8. Inundation-Isolation-Model of phytoplankton development in permanent flood plain waters. For explanations, see text. 
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Table 5. Biovolume producers. Abbreviations: CO = cone, CY = cylinder, EL = ellipsoid, FR = frustum, PS = pyramid stump, RB = rectangular 
box, 5P = sphere. 
Species/taxon Cell-volume (mm 3 I-I) Geom. Max. biovolume BV% 
shape 
min max n mm 31-1 month 
Cyanophyceae 
Anabaena laxaA. BRAUN in BORNET et FLAHAULT 32.01 188.17 60 CY 2.23 
Anabaena solitaria f. planctonica (BRUNNTH.) KOMAREK 44.60 627.22 170 EL 2.36 
Anabaena spiroides KLEB. f. spiroides 33.45 557.53 180 EL 6.11 
Anabaena spiroides var. contracta KLEB. 42.34 200.71 100 EL 14.70 
Anabaena spp. - - - - O. 19 
Aphanizomenon flos-aquae RALFS ex BORNET et FLAHAULT 18.82 100.36 90 CY 1.68 
Aphanizomenon issatschenkoi(UssAc.) PROSHK.-LAvR. 32.67 91.47 20 CY 0.42 
Limnothrixredekei(GooR) M.E. MEFFERT 4.70 23.52 100 CY 2.08 
Microcystisspp. 5.58 150.53 210 SP 20.80 
Planktothrixagardhii(GOMONT)ANAGN. et KOMAREK 18.82 83.63 50 CY 4.71 
Pseudanabaena lirnnetica (LEMMERM.) KOMAREK 8.36 25.09 20 CY 0.70 
Chrysophyceae 
Chrysococcus granulatus HORTOB. 175.62 273.19 20 EL 0.01 
Chrysococcus rufescensvar, triporaJ.W.G. LUND 44.60 356.82 875 EL 0.90 
Dinobryon divergens var. angulatum (5ELIGO) BRUNNTH. 78.05 478.08 179 EL - 
Dinobryon sertu/aria EHRENB, 100.36 401.42 77 EL - 
Dinobryon spp. 78.05 478.08 316 EL 0,84 
Synurophyceae 
Ma//omonas caudata IWANOFF emend. WILLI KRIEG. 1180,57 8580,36 50 EL 1.31 
Mallomonas tonsurata TELLING emend. WILLI KRIEG. 250.89 624.43 20 EL 0.11 
Mallomonasspp. 353.33 1806.39 20 EL 0.24 
Synura spp. 66.90 1517.87 864 EL 7.02 
Xanthophyceae 
5oniochloris mutica (A. BRAUN) FOTT 
Pseudogoniochbris tripus (PASCHER) KR/ENITZ et el. 
Trachydiscus lenticularis H. ETTL 
Tribonema spp. 
74.54 242.24 40 PS 0.03 
503.12 1229.84 20 PS 0.07 
17.42 71.36 20 EL 0.05 
26.13 376.33 160 CY 8.58 
Bacillariophyceae 
Actinocydus normanii(W. GREG. ex GREV.) - - - 
HUST. morphotype subsalsus 
Asterionella formosa HASSALL 91.99 658.58 802 
AU/aCOSeiraambigua(GRUNOW) SIMONSEN 200.71 2195.27 657 
A. granu/ata(EHRENB.) SIMONSEN var. granulate 358.56 4917.40 311 
A. granulatavar, angustissima(O. MOLL.) 51MONSEN 124.14 1768.76 347 
A. gra. var. any. (O. MOLL.) SIMONSEN morphotype curvata 188.17 568.68 104 
Cyclostephanos dubius (FRICKE) ROUND in THERIOT et el. - - - 
Cyclotella tornus HUST. - - - 
C. choctawhatcheeanaA.K.S. PRASAD - - - 
C. distinguenda var. unipunctata (HusT.) HAL et J.R. CARTER - -  - -  - -  
C. krammeri HAL - - - 
C. meneghiniana KOTZ. - - - 
C. ocellata PANT. - - - 
C. pseudostelligera HusT. - - - 
C. radiosa (GRUNOW) LEMMERM. - - - 
Diatoma tends C. AGARDH 225.80 1524.14 80 
Diatoma vu/garis BORY 301.07 1128.99 20 
5 11.20 
7 18.43 
8 44.76 
8 71.69 
6 7.98 
8 33.07 
8 3.08 
5 10.45 
8 77.67 
8 18.86 
8 2.80 
2.70 
16.22 
33.53 
7 23.82 
7 1.39 
9 1.97 
8 82.59 
10 0.16 
7 /8  0.39 
8 0.59 
6 13.17 
3.01 6 12.93 
CY 0.57 9 6.90 
CY 1.11 8 8.50 
CY 8.67 7 56.70 
CY 1.11 9 13.44 
CY 1.80 6 32.73 
- 8.67 10 54.22 
- 6.67 6 25.48 
- 2.31 6 3.55 
- 0.68 8 7.84 
- 0.08 9 0.39 
- 40.62 6 65.72 
- 0.31 4 3.17 
- 2.88 5 10.36 
- 1.83 4 16.18 
CY 0.14 5 0.67 
CY 0.13 5 0.67 
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Table 5. (Continued). 
Species/taxon Cell-volume (ram 31 i) 
min max n 
Geom. Max. biovolume 
shape 
mm 31 .~ month 
BV% 
Fragilaria crotonensis KITTON 
Fragilaria ulna (NITZSCH) LANGE-BERT. - species group 
Fragilaria spp. 
Nitzschia acicularis (KOTz.) W. SM. 
Nitzschia cf. fruticosa HusT. 
Nitzschia spp. 
Pennales spp. 
Stephanodiscus alpinus HUST. in HUB.-PEST. 
Stephanodiscus hantzschfi GRUNOW 
Stephanodiscus minutu/us (KOTz.) CLEVE et J.D. MOLLER 
Stephanodiscus neoastraea H/~K. et B. HLCKEL 
Tha/assiosira weissf/ogfi (GRUNOW) G.A. FRYXELL et HASLE 
first counted as: Centrales pp. 1 (Q _< 14 tim) 
first counted as: Centrales pp. 2 (¢b > 14 pro) 
Cryptophyceae 
Chmomonas acuta UTERMOHL 
Cryptomonas erosa EHRENB. 
Cryptomonas marssonfi SKUJA 
Cryptomonas ovata EHRENB. 
Cryptomonas rostratiformis SKUJA 
counted as: Cryptomonas spp, 1 (L < 14 pm) 
counted as: Cryptomonasspp. 2 (L > 14 lJm) 
Dinophyceae 
Ceratium furcoides (LEMANDER) V.H. LANGHANS 
Diplopsa/is acuta (APSTEIN) ENTZ 
@mnodinium excavatum NYGAARD 
Peridiniopsis elpatiewskyi (OSTENF.) BOURR, 
Peridiniopsis pemardiforme (ER. LINDEMANN) 8OURR. 
Peridiniopsis polonicum (WOLOSZ.) BOURR. 
Peridinium palatinum LAUTERBORN 
Peridinium spp. 
Euglenophyceae 
Coladum sideropus 5KUJA 
Euglena acus EHRENB. vaF. aCUS 
Euglena acus vat. Iongissima DEFLANDRE 
Euglena agilis H J. CARTER 
Euglena clavata 5KUJA 
Euglena gracilis G.A. KLEBS 
Euglena limnophila var. minor DREZEP. 
Euglena oxyuris SCHMARDA 
Euglena pseudoviridis CHADEF. 
Euglena tripteris (DUJARD.) G.A. KLEBS 
Euglena spp. 
Lepocindis cf. constricta MATV. 
Lepocindis ovum (EHRENB.) LEMMERM. vat. ovum 
Lepocinclis ovum var. dimidio-minor DEFLANDRE 
Lepocindis tein# LEMMERM. 
Phacus acuminatus var. variabi/is LEMNERM. 
Phacus agi/is vat. okobojiensis ALLERGE et T.L. JAHN 
Phacus bicarinatus WEIK 
431.24 1448.13 40 
94.78 6244.31 145 
75.27 880.89 90 
22.30 245.34 667 
116.46 1397.55 90 
39.20 189.56 20 
39.03 503.69 40 
11.15 376.33 2513 
715.03 3136.09 50 
364.25 1022.13 21 
602.13 1727.41 20 
314.07 11693.22 228 
20799.10 134299.43 
9470.54 22771.47 
2408.52 10199.05 
3010.65 8028.40 
1457.01 15224.23 
4947.13 39577.05 
2578.01 66796.31 
3716.85 8480.00 
401.42 1115.06 
3257.33 9572.56 
13416.54 20427.41 
156.10 1204.26 
2867.09 14809.34 
1024.46 16056.81 
652.31 2369.49 
10035.50 25679.74 
752.66 7225.56 
3541.70 8715.56 
1025.85 16056.81 
512.23 4644.21 
2185.51 10456.44 
301.07 2731.89 
401.42 1254.44 
926.47 2087.38 
102.45 393.52 
1338.07 1413.75 
RB 1.10 6 3.78 
2 CO 2.77 5 16.18 
2 CO 0.14 4 0.66 
2 CO 0.30 5 1.85 
RB 1.39 6 2.13 
2 CO 0.16 7 1.92 
2 CO 0.50 3 3.75 
- 3.62 8 32.01 
- 55.17 6 93.18 
- 9.83 5 49.77 
- 8.76 3 66.06 
- 0.97 6 8.02 
8.92 3 84.95 
1.80 4 42.40 
EL 2.94 5 49.25 
EL - - - 
EL - - - 
EL - - - 
EL 0.81 6 28.13 
- 6.75 7 80.50 
- 6.40 7 65.88 
121 EL+FR+2CO 18.60 9 
10 EL 0.82 7 
32 EL 1.67 9 
30 EL 0.66 7 
223 EL 1.06 9 
53 EL 7.27 8 
56 EL 0.68 8 
20 EL 2.56 9 
91.31 
8.26 
20.48 
4.51 
10.97 
85.13 
11.75 
31.69 
20 EL 0.04 6 2.35 
18 EL 0.23 8 2.18 
5 EL 0.01 8 0.08 
50 EL 0.31 8 1.24 
65 EL+CO 0,20 5 4.12 
110 EL 5.24 7 35.79 
11 EL 0.01 5 0.07 
13 EL 0.11 8 0,81 
140 EL 0.17 4 1.44 
30 EL 0.09 8 0.66 
119 EL 0.71 8 4.38 
40 EL 0.05 6 2.94 
32 EL 0.59 8 6.91 
28 EL - - - 
32 EL 0.03 7/8 0.25 
44 EL 0.05 8 0.42 
20 EL 0.03 7 0.20 
2 EL 0.01 9 0.12 
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Species/taxon Cell-volume (mm 31-1) 
min max n 
Geom. Max. biovolume BV% 
shape 
mm31 -~ month 
Phacus curvicauda 5VIRENKO 
Phacus hamatus POCHM. 
Phacus skujae SKVORTSOV 
Phacus tortus (LEMMERM.) SKVORTSOV 
Phacus trypanon POCHM. 
Phacus spec. 
Phacus spp. 
Strombomonas costata DEFLANDRE 
Trache/omonas intermedia RA. DANG. 
Trachebmonas volvocina EHRENB. 
Trachelomonas spp. 
Chlorophyceae  - Ch lorococca les  
Actinastrum hantzschii var, subtile WOLOSZ. 
Ch/ore//a vu/garis var. viridis CHODAT 
Coelastrum astro/deum DE NOT. 
Coelastrum spp. 
Dice//u/a planctonica SVIRENKO 
Ko/ie//a/ongiseta (VISCHER) HINDAK 
Lagerheimia ciliata (LAGERH.) CHODAT vat. ciliata 
Lagerheimia genevensis (CHODAT) CHODAT 
Micractinium pusillum FRESEN. var. pus///um 
Monoraphidium komarkovae NYGAARD 
Oocystis lacustris CHODAT 
Oocystis pp. 
Pediastrum boryanum (TuRPIN) MENEGH. 
Pediastrum duplex MEYEN 
Pediastrum spp. 
Pseudodidymocystis p/anctonica (KORSHIKOV) 
E.H. HEGEW. et DEASON 
Scenedesmus dimorphus (TuRPIN) KOTZ, 
counted as: Scenedesmusspp. 1(L < 14 !Jm) 
counted as: 5cenedesmusspp. 2 (L > 14 tim) 
Tetraedron triangulate KORSNIKOV 
Chlorophyceae  - Vo lvoca les  
Ch/amydomonas spec. 
Ch/amydomonas spp. 
Eudorina spp. 
Pandorina morum (O.F. MOLL.) BORY 
Pteromonas acu/eata LEMMERM. 
Pteromonas angu/osa (H.J. CARTER) 
Pteromonas 9denkiniana PASCHER 
1083.83 1106.97 5 
3015.11 10704.54 25 
75.27 743.37 60 
1761.09 10704.54 125 
789,83 4460.22 76 
95.62 209.07 20 
7136.36 9935.15 4 
733.85 1648.89 20 
175.62 3423.92 231 
307.34 8769.92 506 
4.70 223.01 581 
150.53 696.91 10 
10.89 1912.32 80 
356.82 2185.51 20 
19.51 112.90 343 
225.80 1605.68 20 
25.09 89.20 91 
44.60 191.39 60 
29.79 150.53 8 
84.67 1264.89 40 
451.60 10549.82 34 
1517.87 18114.08 48 
11.15 43.91 20 
100.36 501.78 20 
6.27 307.34 1256 
33.45 2508.88 1507 
85.18 207.64 19 
26.13 89.20 20 
87.11 1912.32 111 
175.62 927.59 40 
22.30 1580.59 228 
200.71 3136.09 80 
78.05 1775.73 211 
353.33 1912.32 60 
Zygnematophyceae  
Closterium acerosum (5CHRANK) EHRENB. - - 
ex RALFS vat. acerosum 
Closteriumacutumvar. var/sb/[e(LEMMERM.)WlLLI KRIEG. 219.53 1324,13 
Closterium limneticum LEMMERM. vat. limneticum 97.57 4575.91 
CIosterium [unu/a (O,E MOLL,) NITZSCH ex RALFS var. [unula - - 
C/osteriumpraelongum BARB. vat. prae/ongum 2854.54 17757.27 
C/osterium tumidum var. ny/andicum GRONBLAD 1254.44 28902.25 
C/osterium spp. 148.09 747.09 
EL 0.01 8 0.08 
EL 0.05 6 0.43 
EL 0.05 9 0,46 
EL 0.13 9 1.07 
EL 0.18 8/9 1.66 
EL 0.02 7 0.13 
- 0.35 8 2.97 
EL 0.07 7 0.46 
EL 3.01 7 36.66 
EL 0.38 7 71.70 
EL 1.62 7 11.55 
CO 0.44 6 5.21 
SP 0.53 6 5.19 
SP 0.82 7 9.14 
- 0.35 7 13.06 
EL 1.28 7 23.27 
2 CO 0107 4 0.31 
EL 0,19 7 3.45 
EL 0,08 5 0.53 
EL 0.66 8 6.32 
2 CO 0.04 6 0.39 
- 0.64 7 11.64 
EL 1.29 6 6.90 
CY 0.19 6 2.51 
CY 0.58 6 12.11 
- 0 .15  6 1.86 
EL 0.18 8 3.92 
EL 0.84 6 1.22 
EL 1.39 6 17.42 
EL 4.41 6 17.89 
PS - - - 
L - -  - -  m 
EL 1.05 8 10.75 
EL 2.39 8 7,83 
CO 0.83 6 5.52 
EL 0.46 7 5.60 
EL 1.45 9 5.65 
EL 0.32 8 1,28 
0.18 7 2,19 
70 2 CO 0.12 4 1.99 
191 2 CO 0.12 7 3.36 
- - 0.06 8 0,44 
40 2 CO 1.10 7 14,71 
50 2 CO 0.06 6 2.52 
40 2 CO O. 15 6 1.29 
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diatoms and a shift in phytoplankton dominances for 1.5 
or 2 months (Fig. 8 E). Only in these periods of stagna- 
tion the flood plain waters how an independent devel- 
opment without he influences of inundation. Out of 
cysts, which were produced uring the last isolation pe- 
riods, Cyano- and Dinophyceae colonize and dominate 
the oxbows and lakes, flagellates such as Cryptophyceae 
and Euglenophyceae re subdominant. When wind-in- 
duced autumn mixing starts diatoms resuspend, isplace 
flagellates and Cyanophyceae nd dominate the rest of 
the isolation (Fig. 8 F) and also the entire inundation pe- 
riod (Fig. 8 A). During isolation phytoplankton develop- 
ments of permanent flood plain waters are comparable 
to those of polymictic lakes. Differences result only 
from the diatom input during inundation. 
Control mechanisms 
In evaluating control mechanisms ofphytoplankton de- 
velopments in flood plain waters, two groups must be 
differentiated: (1) The primary factors are the intensity 
of algal input from the main channel and the turbulences 
within water bodies which effect suspended diatoms. (2) 
Site factors uch as nutrients, light, and grazing are al- 
ways superimposed bymixing and presence of diatoms, 
this means they are only secondary. 
Functional properties of phytoplankton communities 
During periods affected by inundation r-selected R- 
strategists (compare REYNOLDS 1988) dominate the phy- 
toplankton communities ( olitary centric diatoms). In 
times and areas of reduced mixing C-strategists become 
more abundant (flagellates such as Crypto-, Chryso-, 
and Chlorophyceae). These periods can be described as 
allochthonous phases. Water-ruled - autochthonous - 
periods, only for one or two months in summer, however, 
are dominated by K-selected S-strategists (e.g. Ce- 
ratium, Peridinium, Microcystis). 
Taxonspecific cell-volumes and biovolumes 
of phytoplankton taxa 
Calculations of phytoplankton biovolumes are routine in 
limnological investigations, but background data such as 
taxon specific ell-volumes or maximums of biovolumes 
of individual phytoplankton taxa are rarely published 
(e.g. CRONBERG 1982; POHLMANN & FRIEDRICH 2001). 
Because of the high diversity of phytoplankton commu- 
nities in the Lower Odra Valley biovolumes of more than 
120 taxa were determined. To highten the transparency 
of the u.sed biovolume data, extremes of cell-volumes, 
taxon specific geometric shapes, maximums of biovol- 
umes, month of maximal biovolumes, and maximums of 
relative biovolumes are given (Table 5). 
Comparison with other European river-flood plain 
ecosystems 
In comparison with other European river-flood plain 
ecosystems many correspondences can be found in 
phytoplankton development i  rivers, during inundation 
as well as in sampling sites with low influences of the 
main channel (KRIENITZ 1990, 1992; KRIENITZ & 
TKUSCHER 2001; VAN DEN BRINK et al. 1994; PITHART 
et al. 1996; SCHAGERL & RIEDLER 2000; compare KASTEN 
2003). However such enduring - above all during isola- 
tion - dominance of solitary centric diatoms has never 
been described from other flood plain areas. This seems 
to be one of the particularities of the permant oxbows 
and separate lakes in the Lower Odra Valley. 
Conclusions 
In the Lower Odra Valley the high diversity of phyto- 
plankton taxa is closely linked to the many different 
types of water bodies (compare MOLLGAARD et al. 
1999), which become connected toeach other during an- 
nual flood events. Inundation as a factor of algal disper- 
sal is much stronger than through the wind or in the 
plumage of birds. If dykes were removed, duration and 
expansion of these connections would be subjected sole- 
ly to the dynamics of the River Odra. 
Therefore flood plain conservation presents a unique 
example of a win-win situation between flood control 
(retention) and aquatic ecosystem (biodiversity) protec- 
tion (BLOESCH 2002). 
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